Vector-like Fields, Messenger Mixing and the Higgs mass in Gauge
  Mediation by Fischler, Willy & Tangarife, Walter
Prepared for submission to JHEP UTTG-26-13, TCC-022-13
Vector-like Fields, Messenger Mixing and the Higgs
mass in Gauge Mediation
Willy Fischlera and Walter Tangarifea
aDepartment of Physics and Texas Cosmology Center
The University of Texas at Austin, TX 78712.
E-mail: fischler@physics.utexas.edu, wtang@physics.utexas.edu
Abstract: In order to generate, in the context of gauge mediation, a Higgs mass around
126 GeV that avoids the little hierarchy problem, we explore a set of models where the
messengers are directly coupled to new vector-like fields at the TeV scale in addition to
the usual low energy degrees of freedom. We find that in this context, stop masses lighter
than 2 TeV and large A-terms are generated, thereby improving issues of fine tuning.
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1 Introduction
The last two years have been remarkably exciting for both experimentalists and theorists
working in high energy physics due to the discovery of the Higgs particle [1, 2]. However,
a Higgs mass of 126 GeV poses intriguing questions, for theorists, about the naturalness
of minimal supersymmetric models [3–5]. Due to the fact that, at tree level, the mass of
the Higgs is bounded by the Z boson mass, a large contribution to mh must come from
radiative corrections, which are dominated by the stop fields. Thus, it would require to
have very heavy stop masses in order to generate such mass value. However, large stop
masses make the soft parameter −m2Hu large as well, which is straining the electroweak
symmetry breaking condition
m2Z ≈ −2(m2Hu + µ2),
implying a large amount of fine tuning to achieve the proper cancellation between −m2Hu
and µ21. This is known in the literature as the “little hierarchy problem”.
There have been several approaches to raising the mass of the Higgs in the literature.
In one strategy, keeping SUSY minimal, the use of large trilinear A−terms has been studied
as a way to avoid the requirement of very heavy stops. This is, however, somewhat difficult
to achieve in the standard gauge mediation of supersymmetry breaking scenario (GMSB)
[6–9], and would require very high messenger masses or a modification of the mediation
mechanism. For instance, GMSB has been modified in models where mixing between the
1To gain insight on the measurement of fine tuning, see [35–38] and references in [4].
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low energy degrees of freedom and the messenger fields is proposed proposed as a way to
generate non-zero A−terms at the messenger scale [10–19] 2.
In a different approach, extensions of the minimal supersymmetric standard model
(MSSM) have been introduced in order to alleviate the little hierarchy problem. A clear
example of such attempts is the next-to-MSSM (NMSSM, see [21] for a review). Another
proposal that falls in this category is the addition of a set of vector-like fields that couple
to the Higgs multiplets. This raises the mass of the Higgs without requiring very heavy
superpartners [22–31]. This type of extensions of the low energy matter content provides
a spectrum with low masses that can be tested in the near future at the LHC.
In this work, we explore a model that combines these two approaches. Minimal GMSB
is modified to include Yukawa couplings between the MSSM and the messenger sector
and, at the same time, there are additional vector-like fields at the TeV scale. A similar
approach was used several decades ago by Dine and Fischler [32] to generate electroweak
symmetry breaking; however in their approach, the vector matter was much heavier. In
our case, we provide a microscopic completion for a type of models presented in [24] in
the context of gauge mediated supersymmetry breaking, with the additional feature of
having large A−terms in the effective low energy Lagrangian, which leads to a Higgs mass
consistent with the observed values at the LHC. We explore the parameter space and find
a set of regions that yield a 126 GeV Higgs mass with stop masses under 2 TeV. We argue
that the fine tune problem is substantially improved in this kind of scenario, compared to
minimal GMSB, as there is no need for large stop masses and m2Hu gets a smaller radiative
contribution from stops and vector-like sfermions.
This article is structured as follows: In section 2, we introduce the model with the
new fields. We also present the soft terms calculated at the messenger scale. In section 3
we show the correction the the Higgs mass due to the new fields and the results obtained
in the numerical analysis. We close with some conclusions and we include two appendices
with the RGEs of the model and the complete expressions for the soft masses.
2 The model
In this paper, we introduce a set of new vector-like chiral superfields that are charged under
the Standard Model (SM) gauge symmetry group. This is motivated by the work presented
in [32]. There, new superheavy superfields were added in order to achieve the breaking
of the gauge symmetry SU(2) × U(1) by generating negative values of m2Hu in the Higgs
potential. In the present case, we consider similar new superfields with vector-like masses
somewhere between 500 GeV and 1.4 TeV. The addition of these new superfields is expected
to lift the mass of the Higgs through radiative corrections in such a way that very large
stop masses are unnecessary. Furthermore, as done in [32], we allow the MSSM fields and
the new vector-like matter to interact directly with the messenger sector through Yukawa
couplings. This mixing with the messengers will generate large trilinear terms (A−terms)
that contribute to the Higgs mass enhancement.
2In [20], the Higgs mass is raised by modifying the gauge symmetry at the messenger scale.
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The new vector-like superfields can be arranged in complete representations of SU(5).
Here, we choose to use a pair of 10 dimensional representations 10 + 10,
10 = Φ(3, 2)1/6 + Ψ(3¯, 1)−2/3 + χ(1, 1)1 (2.1)
10 = Φ(3¯, 2)−1/6 + Ψ(3, 1)2/3 + χ(1, 1)−1.
On the other hand, we use a pair of 5 + 5 SU(5) representations in the messenger sector,
5 = A(3, 1)−1/3 +B(1, 2)1/2. (2.2)
These messengers couple to the spurion X, which generates the messenger mass and breaks
SUSY through its expectation value, 〈X〉 = M + θ2F , in the superpotential
WX = X(λAAA+ λBBB). (2.3)
We consider a superpotential that connects three sectors: the MSSM3, the new vector-
like superfields, and the messengers fields.
W = WMSSM + M10(ΦΦ + ΨΨ + χχ) + h1ΨHuΦ− h2ΨHdΦ (2.4)
+λ1,BΨBΦ + λ2,BΨBΦ + κ1,BQUB + κ2,DQDB + κ2,UUDA
+λ3,ΦΦAB + λ4,ΦΦAB + λχΨAχ+ λχΨAχ + WX,
where the SU(3)C and SU(2)L indices have been contracted in the usual way, i.e. ΦΦ ≡
αβΦaαΦ
β
a , with α, β = 1, 2 and a = 1, 2, 3. The negative sign in front of h2 is not necessary;
however, it facilitates our analysis in analogy to yb in the MSSM. We assign R−parity
PR = +1 to the new vector-like fields to prevent the low energy vector-like fields from
mixing with the MSSM quarks or leptons in the superpotential. It is worth mentioning
that, in this work, we are allowing all the couplings in Equation (2.4) to be non-zero; this
is different from previous works, where only one non-zero coupling was consider at a time.
2.1 Effective mass terms
Supersymmetry is broken due to the non-zero F-term 〈FX〉 = F . This generates soft
mases for the MSSM fields as well as for the new vector-like fields. Besides the soft masses
generated through the usual gauge mediation mechanism (GMSB), there is an additional
contribution to the masses of the sfermions due to the Yukawa couplings to the messenger
fields. The calculation of these soft masses follow the same methodology presented in [17].
This modified gauge mediation mechanism results in the soft Lagrangian
−Lsoft = −LMSSM,soft +m2Φ˜|Φ|2 +m2Φ˜|Φ|
2 +m2
Ψ˜
|Ψ|2 +m2
Ψ˜
|Ψ|2 +m2χ˜|χ|2 +m2χ˜|χ|2
+
(
bΦΦΦ + bΨΨΨ + a1ΨΦHu − a2ΨΦHd + h.c.
)
, (2.5)
3In this work we use the approximation in which only the third generation of the MSSM is included,
and the only relevant mixing with the messengers occurs for the third generation and the new vector-
like fields. This can be justified by using a flavor U(1) symmetry as used in [14]. Also, [10] describes
a construction where the relevant messenger-matter couplings are those involving the third family as the
result of integrating out an extra dimension.
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where ai ≡ hiAi, for i = 1, 2, t, b, τ . These soft parameters are calculated at the mes-
senger scale, M , and evolved down to the electroweak scale through the running of the
renormalization group. For simplicity, we write here just the leading contributions to the
soft masses of the vector-like field Φ coming from the gauge and Yukawa interactions with
the messengers. In Appendix A, we present a general formula to compute these soft terms.
Also, for simplicity, we make λA = λB = 1.
m2
Φ˜, gauge
=
1
8pi2
(
F
M
)2 [4
3
α23 +
3
4
α22 +
3
5
Y 2Φ ·
6
5
(
1
9
+
1
4
)
α21
]
, (2.6)
m2
Φ˜,Yuk
=
1
256pi4
(
F
M
)2 [
6λ43,Φ + λ
2
3,Φλ
2
3,χ + 3λ1,B(κ
2
1,B + h
2
1) + 6λ
4
1,B (2.7)
+6κ1,B yt h1 λ1,B + (4λ
2
3,Φ − 2h21)λ23,Ψ −
4pi
3
α1(13λ
2
1,B − 56λ23,Φ)
−6piα2(λ21,B + 8λ23,Φ)−
32pi
3
α3(λ
2
1,B + 8λ
2
3,Φ)
]
.
At the messenger scale, the A−terms are non-zero due to the Yukawa couplings to the
messengers. For instance, A1 takes the value
A1 = − 1
16pi2
(
F
M
)
(3λ21,B + λ
2
3,Φ). (2.8)
This implies that, at low energies, there is a significant mixing between the scalar super-
partners.
After calculating the soft masses and A−terms, we run down the renormalization
group from the messenger scale to the low energies where electroweak symmetry breaking
is computed and the Higgs mass is obtained, as shown in the next section. The RGEs
corresponding to this model are presented in the appendix .
In the effective theory, we have a set of electrically neutral fermionic fields that couple
to the neutral components of the Higgs multiplets and with mass matrix
m2F =
(
MFMF†
MF†MF
)
, with MF =
(
M10 h1H
0
u
h2H
0
d M10
)
. (2.9)
On the other hand, the mass matrix for the electrically neutral scalars coupled to the
neutral Higgs bosons is given by
m2S = m
2
F +

m2Φ + ∆Φ 0 b
∗
Φ a
∗
1vu − h1µvd
0 m2Ψ + ∆Ψ a
∗
2vd − h2µvu b∗Ψ
bΦ a2vd − h2µ∗vu m2Φ¯ + ∆Φ¯ 0
a1vu − h2µ∗vd bΨ 0 m2Ψ + ∆Ψ¯
 , (2.10)
where ∆φ ≡ 12(T3g2 − Yφg′2)(v2d − v2u).
In the stop sector, the scalar masses are given by
1
2
(
2m2t +m
2
Q˜
+m2u˜ + ∆t˜L + ∆t˜R ±
√
4m2tX
2
t + (m
2
Q˜
+m2u˜ + ∆t˜L −∆t˜R)2
)
, (2.11)
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where Xt ≡ At − µ cotβ and m2Q˜, andm2u˜ are the Q and u soft masses, which at the
messenger scale are given by
m2
Q˜
=
[
1
8pi2
(
4
3
α23 +
3
4
α22 +
1
60
α21
)
(2.12)
+
1
256pi4
(
6yth1κ1,Bλ1,B + y
2
t (9κ
2
1,B − 2κ22,U ) + y2b (6κ22,B − 2κ22,U )
+6κ21,B(κ
2
1,B + κ
2
2,U + 3λ
2
1,B)− 4piκ21,B
(
8
3
α3 +
3
2
α2 +
13
60
α1
))](
F
M
)2
,
m2u˜ =
[
1
8pi2
(
4
3
α23 +
4
15
α21
)
+
1
256pi4
(
12κ41,B + 3κ
4
2,U + 4κ
2
1,Bκ
2
2,U (2.13)
+6κ21,Bλ
2
1,B + 12yth1κ1,Bλ1,B + 12y
2
t κ
2
1,B + y
2
b (κ
2
1,B + κ
2
2,U )
+4piκ21,B
(
160α1 + 90α2 +
91
30
α1
)
+ 4piκ22,U
(
4α1 +
89
60
α1
))](
F
M
)2
.
while the trilinear parameter is given by
At = − 1
16pi2
(
F
M
)
(3κ21,B + 3κ
2
2,U ). (2.14)
It is noteworthy the fact that the effect of having large values for |At| on Equation
(2.11) is an increment in the splitting of the stop masses. However At contributes directly
to m2
Q˜
and m2u˜, that implies that we can benefit from having relatively large A-terms as
long as they are not much larger than the squark soft masses. A numerical depiction of
|At| can be seen in Figure 3 in the next section.
3 The lightest CP-even Higgs mass
At tree level, the scalar potential for the Higgs fields is the same as in the MSSM [39–41]:
V tree =
(
m2Hu + µ
2
) |H0u|2 + (m2Hd + µ2) |H0d |2 (3.1)
− bµ
(
H0uH
0
d + h.c.
)
+
1
8
(
g2 + g′2
) (|H0u|2 − |H0d |2)2 .
In the mass spectrum, we find a charged pair of Higgs fields H±, a CP-odd neutral scalar
A0 and two CP-even neutral scalars h0 and H0. As it is well known, at tree level, the
mass of the lightest neutral Higgs is bounded from above by the mass of the Z boson, .i.e.
mh ≤ mZ cos2β. In the so-called “decoupling limit”, mA  mZ , mh saturates this bound.
This is the limit that we use in this work.
In the MSSM scenario, at one-loop level, the top and stop fields contribute to the mass
of the lightest Higgs. The effective potential due to these fields is
V 1−looptop =
3
32pi2
∑
i=1,2
Tr
[
m4
t˜i
(
Log
m2
t˜i
Q2
− 3
2
)
−m4ti
(
Log
m2ti
Q2
− 3
2
)]
. (3.2)
The one-loop corrected mass of the lightest CP-even Higgs is, then, given by [44]
m2h 1−loop ≈ m2Z cos22β +
3g2
8pi2
m4t
m2W
[
Log
(
M2S
m2t
)
+
X2t
M2S
(
1− X
2
t
12M2S
)]
, (3.3)
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with MS ≡ √mt˜1mt˜2 . The two-loop correction to this expression is [43]
δm2h,2−loop =
3g2m4t
64pi4m2W
(
3g2m2t
2m2W
− 32piα3
)
(3.4)
×
[
2X2t
M2S
(
1− X
2
t
12M2S
)
+ Log
(
M2S
m2t
)]
Log
(
M2S
m2t
)
.
For the numerical calculations in the following section, we will use both 1-loop and 2 -loop
contributions to the Higgs mass, m2hMSSM = m
2
h 1−loop +m
2
h,2−loop.
Attaining a Higgs mass mh ≈ 126 GeV is somewhat challenging for minimal GMSB
unless the top squarks have masses larger than 5 TeV, which, as already stated, generates
some conflict with the naturalness of the MSSM. Additionally, in GMSB, the A−terms
are zero at the messenger scale, although they are non-zero at the electroweak scale due
to the running of their RGEs. However, in most minimal GMSB models, Xt/MS is still
smaller than 1, which does not favor the enhancement of the Higgs mass coming from stop
mixing; instead, the radiative corrections to mh are dominated by the logarithmic term in
Equation (3.3)[33, 34]. There are some scenarios in GMSB where stops lighter than 5 TeV
and Xt/MS > 1 are possible, by having heavy gauginos or a very large messenger scale
[33].
When we introduce the new vector-like fields, there is a similar effective one-loop
potential from the vector-like fields,
V 1−loopV L =
3
32pi2
∑
i
Tr
[
m4Si
(
Log
m2Si
Q2
− 3
2
)
−m4Fi
(
Log
m2Fi
Q2
− 3
2
)]
, (3.5)
where i runs over (Φ,Ψ, Φ¯, Ψ¯) and m2Fi , m
2
Si
are the eigenvalues of the mass matrices (2.9,
2.10) respectively. The correction to the Higgs mass is given by [24]
δm2h =
[
sin2β
2
(
∂2
∂v2u
− 1
vu
∂
∂vu
)
+
cos2β
2
(
∂2
∂v2d
− 1
vd
∂
∂vd
)
+ sinβ cosβ
∂2
∂vu∂vd
]
V 1loopV L .
≈ 3
4pi2
m2W
g2
h41 sin
2 β
[
Log
(
M2S,vector +M
2
10
m210
)
(3.6)
+
X21
12
(
4(3M2S,vector + 2M
2
10)−X21 − 8M2S,vectorM210 − 10M2S,vector
(M2S,vector +M
2
10)
2
)]
,
where MS,vector ≡ √mΦ˜mΨ˜ and X1 ≡ A1 − µ cotβ.
The correction to the Higgs mass is, then, given by
∆mh =
√
m2h,MSSM + δm
2
h − mh,MSSM. (3.7)
3.1 Parameter scan
In order to analyze the implications of this correction to the Higgs mass, we numerically
scan the parameter space over the ranges shown in Table 3.1. We use these input parameters
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to compute the soft terms at the messenger scale and, then, we use the one-loop RG
equations to extract the value of the different masses and couplings at the electroweak
scale. For each set of input parameters we calculate the Higgs mass with and without the
extra vector-like fields.
In our parameter scan, we vary h1 and h2 such that the model is perturbative below
the unification scale 4. h2 does not play an important role in raising mh, hence we assume
h2  h1. The best results for ∆mh are obtained for h1 ≈ 1.0.
For simplicity, we have set the mass of the vector-like fermions to be the same at the
GUT scale. At the electroweak scale, this fermions have vector-like masses between 700
GeV and 2 TeV. Figure 1 shows the values of mh vs MS when the vector-like fields are
included. It is important to note that mh ≈ 126 GeV is easily achieved in this model
even for stop masses under 1 TeV. In the analyzed parameter space, the correction to
the Higgs mass, given in equation (3.7), can be as small as 1 GeV and and as large as 35
GeV. However, when we just look at the region where the corrected mass of the Higgs is
125.9± 2.0 GeV (the blue dots in Figure 1), we find that ∆mh takes values between 1 GeV
and 10 GeV. This enhancement is more notable for vector-like masses around 1 TeV.
As for the SUSY scale ΛSUSY that corresponds to mh ≈ 126 GeV and mt˜1 < 2 TeV, we
obtained values as low as 3× 104 GeV and as high as 6× 105 GeV with messengers masses
between 107 and 1013 GeV. Notice that this implies a lower scaler for ΛSUSY than in the
GMSB scenario, where min[ΛSUSY ] ≈ 5 × 105 GeV [34]. A comparison of these scales is
depicted in Figure 2.
Parameter Range
ΛSUSY ≡ F/M [104, 106] GeV
M [107, 1013] GeV
M10 [300, 1400] GeV
Tanβ [10, 50]
h1 (h2 < h1) [0.5, 1.2]
λi, κj [0.05, 0.3]
Table 1. Input parameters and their ranges used in the numerical calculations. The values for
h1 and h2 are given at the electroweak scale, whereas the values for λi and κi are given at the
messenger scale.
Now, we take a look at the values of the A−terms when we include the vector-like
fields. Figure 3 shows the values for At for different values of MS . It can be seen that,
indeed, it is possible to obtain trilinear terms such that |At/MS | > 1, unlike the MSSM case
with minimal GMSB. Thus, this feature of the model aides the addition of the vector-like
fields in the lifting of the Higgs mass. It is worth quantifying the effect of the messenger-
matter mixing to the values of At compared to the mGMSB scenario. Defining δA ≡
At −At, no mixing at the low scale, we find that∣∣∣∣δAAt
∣∣∣∣
M∼109 GeV
∼ 0.25,
∣∣∣∣δAAt
∣∣∣∣
M∼1010 GeV
∼ 0.20,
∣∣∣∣δAAt
∣∣∣∣
M∼1011 GeV
∼ 0.18. (3.8)
4In this work, the unification scale is defined as the energy scale where g1 and g2 meet.
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m
h
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L
Figure 1. mh values for different MS . The blue dots denote the area around 126 GeV. Notice
that, even for stops lighter than 4 TeV, the addition of the new fields can lift the mass of the Higgs
well above the values achieved in the minimal GMSB scenario.
MSSM + Vector-like fields
+Messenger mixing
MSSM+GMSB 
1´104 5´104 1´105 5´105 1´106 5´106 1´107
108
109
1010
1011
1012
1013
LSUSY HGeVL
M
M
es
s
HG
eV
L
Figure 2. Regions of the Mmess vs ΛSUSY plane that are consistent with mh ≈ 126 GeV.
To gain further insight about how having larger A terms helps in raising mh, we
compare, in Figure 4, the regions in the vector-like fermion mass MV L vs MG˜ plane that
are compatible with a Higgs mass of 126± 2 GeV for two cases: our model with messenger
mixing (green area) and a model without mixing (yellow area, see [29]). This is shown for
h1 = 1, tanβ = 20, M = 10
10 GeV and 1.6 > |At/MS | > 1.4 . It can be noticed that,
even if the yellow region shows that a realistic mass for the Higgs can be obtained with
low masses for the vector-like fermions and the gaugino, the addition of the couplings to
the messengers improves the possibilities.
Considering the fact that the Higgs mass is easily lifted in this type of models and the
mass of the stops is not required to be larger than 2 TeV, one could think naively that
such a proposal is more “natural” than the MSSM with mGMSB. However, as pointed out
in [24], the new vector-like fields will contribute to the soft term −m2Hu , in the same way
– 8 –
1000 1500 2000 2500 3000 3500 4000
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4000
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MS HGeVL
ÈA tÈH
G
eV
L
Figure 3. Plot of |At| vs MS . The blue dots correspond to the cases where mh ≈ 126 GeV. The
red line depicts |At| = MS .
800 1000 1200 1400 1600 1800 2000800
1000
1200
1400
1600
1800
2000
Mg HGeVL
m
f VL
HG
eV
L
Figure 4. Mass of the vector-like fermions vs gaugino mass for models with (green) and without
(yellow) messenger mixing. The gray shaded areas correspond to the estimated exclusions by lower
bounds on gluino and vector-like fermion masses (see next section).
than stops, through the radiative term
∆m2Hu ≈ −
3h21
4pi2
M2S,vector ln
M
MS,vector
, (3.9)
where MS,vector ≡ √mΦmΨ. This, apparently, would make the little hierarchy problem
even worse. However, the effect of this term, and the stop contribution, in making −m2Hu
large is smaller in this case (where the stops and the vector sfermions have masses just
above 1 TeV) compared to the case where 5 TeV stops are required. Concretely,
(m2Hu)This model
(m2Hu)GMSB
∼ 0.1. (3.10)
Thus, this effect together with the correction to the Higgs mass lead us to argue that there
is some alleviation of the fine tuning problem existing in the MSSM with mGMSB. In fact,
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if we consider the measure [35]
∆ ≡Max
[∣∣∣∣∂ LogM2Z∂ Loga2i
∣∣∣∣] , (3.11)
where ai ∈ (h′s, λ′s, M10,M, ΛSUSY ), this model produces values for ∆ between 300 and
500 for the range of parameters studied in this section and corresponding to the green
region in Figure 2. This turns out to be an order of magnitude smaller than the values
of ∆ corresponding to mGMSB in the blue region of the same figure. It is interesting to
remark that for one of the least tuned points in the parameter space, which is depicted
in Figure 5, the contribution to the Higgs mass enhancement due to the presence of the
vector-like fields is dominant respect to the fact of having a large At term.
3.2 Some phenomenology comments
For a more general discussion about the LHC signatures of this type of models with extra
vector-like matter, we refer the reader to [29]. For the sake of clarity, we present a sam-
ple spectrum in Figure 5, where the new charged quarks (combinations of the Φ and Ψ
fermions) are denoted as qi and their spartners are q˜i,j with j = 1, 2. Likewise, the charged
vectorlike lepton is denoted as l and its spartners li.
h0
Τ1

t1

t2

g
N1

C1

C2

N2

N3,4

Τ2,
 ΝΤ

b1
b2

q1
q2 q3
q1,1
q1, 2
q2,2
q2,1
q3,2
q3,1
l1

l1
0
500
1000
1500
2000
2500
3000
G
eV
Figure 5. Example of a low energy spectrum for M = 9 × 108 GeV, Λ = 1.4 × 105 GeV and
tanβ = 15.6
In our model, the lightest neutralino has a mass MN˜1 & 140 GeV and mτ˜1 & 600 GeV,
in which case the limits set by the LHC searches using simplified models and CMSSM/mSUGRA
are applicable to our analysis [48, 50]. This implies a lower bound on the gluino mass around
1.3 TeV (see Figure 4) and 500 GeV for the stau mass5.
Since the MSSM matter does not mix, at tree level, with the vector-like fermions, the
lightest of these, q1 (a combination of Φ and Ψ fermions), is long-lived. For mq1 ∼ 1.3 TeV,
5 The discovery possibilities come mainly from the processes pp→ g˜g˜, g˜Q˜, C˜+1 C˜−1 . Some of the gluinos
decay to jets and charginos and, then, the wino-charginos decay through the channels C˜1 → τ˜1 ν → τ N˜1 ν.
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its lifetime is 109 s & τ & 105 s. There exist cosmological bounds on this type of relics,
coming from photodissociation of light elements[45]. After computing the number density
of these colored particles [46, 47], we find that nq1/s ∼ 10−18, where s is the entropy density
and nq1 is the relic number density. This is consistent with the cosmological constraints.
On the collider side, searches for a charged massive stable particle have been done at
the LHC at collision energies of
√
s = 7 and 8 TeV[49, 50], where these particles can be
identified by their anomalous energy loss or a long time-of-flight to the outer detectors.
The limit obtained in [29] for the mass of this fermion is mq1 & 950 GeV, which constraints
the bottom part of Figure 4, but still leaves a large region in the parameter space where
the vector-like fermion mass is above 1 TeV.
Finally, for ΛSUSY ∼ 105 GeV, cosmological gravitino constraints set some bounds
on the mass of the messengers and the reheating temperature after inflation. In order
to avoid overclosure of the universe by the thermal relic abundance of the gravitino, the
reheat temperature should be lower than 104 GeV. The next constraint comes from big
bang nucleosynthesis (BBN), which sets a bound on the gravitino mass such that the NLSP
decays to a photon and a gravitino before tBBN ≈ 0.1 s (see [51] and references therein).
This implies m3/2 . 1 MeV, which translates into M . 2× 1011 GeV.
4 Conclusions
We have presented a model that yields a Higgs mass around 126 GeV with stop masses
under 2 TeV. In order to do so, we have synthesized two approaches used in the literature
to tackle the little hierarchy problem. First, we have added a new set of fields to the
effective theory. These fields possess vector-like masses around 1 TeV and contribute to
raise the mass of the Higgs field through radiative corrections. On the other hand, we have
included in the superpotential several marginal terms that couple the low energy degrees
of freedom to the messenger sector. This provides a mechanism to enhance the trilinear A
terms in the soft Lagrangian. This effect complements the enhancement of the Higgs mass
by increasing the one-loop corrections through the stop (and vector-like scalar) mixing.
This way, we obtained a wider region in the parameter space for which the measured mass
of the Higgs can be achieved, while keeping the sfermions with relatively small masses. In
addition, the soft term m2Hu is smaller for this type of models. These facts allow us to
argue that the fine tuning problem in the MSSM is improved by this construction.
So far, no signature of new vector matter or SUSY has been observed at the LHC.
However, since this sort of models contains stops and vector-like sfermions with masses just
above the TeV scale, it presents a spectrum that can be searched for in the near future.
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A Soft terms
We calculate the soft masses at the messenger scale based on [17], using the superpotential
??. In such work, the formulas for the soft parameters are derived from wave function
renormalization taking into account the discontinuity of the wave functions at the messenger
threshold.
In addition to the soft mass contribution from the standard gauge mediation
m2φi = 2
(
F
M
)2 [(α3
4pi
)2
C3(i) +
(α2
4pi
)2
C2(i) +
3
5
(α1
4pi
)2
Y 2i
]
, (A.1)
there is a two-loop contribution due to the Yukawa couplings between the messenger sector
and the effective theory.
m2φa,Yuk =
1
256pi
(
F
M
)2 [1
2
djka d
lm
i
(
∆(λ∗aikλajk)(λilmλ
∗
jlm)
+ − (λ∗aikλajk)−∆(λilmλ∗jlm
)
(A.2)
+
1
4
dija d
kl
a ∆(λ
∗
aijλcij)∆(λ
∗
cklλbkl)− dija Caijr g2r∆(λ∗aijλaij)
]
,
where djki is a multiplicity factor, C
aij
r = Car + C
i
r + C
j
r sums the quadratic Casimirs of
the fields, and the sum over c includes only the MSSM matter. There is also a subleading
one-loop contribution
m2φa,1−loop ≈
1
24pi
(
F 2
M3
)2
dija ∆(λ
∗
aijλaij). (A.3)
On the other hand, the A-terms are given by
Aφa ≈
1
32pi2
(
F
M
)
dija ∆(λ
∗
aijλaij). (A.4)
B Renormalization group equations
dgi
dt
=
bi
16pi2
g3i , bi = (33/5 + 3, 3 + 1, −3 + 3), t ≡ log
(
Q
GeV
)
. (B.1)
dMi
dt
=
bi
8pi2
g2i Mi.
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16pi2
dyt
dt
= yt
(
6y2t + y
2
b + 3h
2
1 −
16
3
g23 − 3g22 −
13
15
g21
)
, (B.2)
16pi2
dyb
dt
= yb
(
y2t + 6y
2
b + y
2
τ + 3h
2
2 −
16
3
g23 − 3g22 −
7
15
g21
)
,
16pi2
dyτ
dt
= yτ
(
3y2b + 4y
2
τ + 3h
2
2 − 3g22 −
9
5
g21
)
,
16pi2
dh1
dt
= h1
(
3y2t + h
2
1 −
16
3
g23 − 3g22 −
13
15
g21
)
,
16pi2
dh2
dt
= h2
(
3y2b + y
2
τ + h
2
2 −
16
3
g23 − 3g22 −
13
15
g21
)
.
16pi2
dat
dt
= at
(
18y2t + y
2
b + 9h
2
1 −
16
3
g23 − 3g22 −
13
15
g21
)
(B.3)
+ 2aby
∗
byt + 2a2h
∗
2yt + yt
(
16g23M3 + 6g
2
2M2 +
26
15
g21M1
)
,
16pi2
dab
dt
= ab
(
y2t + 18y
2
b + y
2
τ + 9h
2
2 −
16
3
g23 − 3g22 −
7
15
g21
)
+ 2aty
∗
byt + 2aτy
∗
byτ + +2a1h
∗
1yb + yb
(
16g23M3 + 6g
2
2M2 +
14
15
g21M1
)
,
16pi2
daτ
dt
= aτ
(
3y2b + 12y
2
τ + 3h
2
2 − 3g22 −
9
5
g21
)
+ 6aby
∗
byτ + 6a2h
∗
2yτ + yτ
(
6g22M2 +
18
5
g21M1
)
,
16pi2
da1
dt
= a1
(
3y2t + 18h
2
1 −
16
3
g23 − 3g22 −
13
15
g21
)
+ 2a2h
∗
2h1 + 2aty
∗
t h1 + h1
(
16g23M3 + 6g
2
2M2 +
26
15
g21M1
)
,
16pi2
da2
dt
= a2
(
3y2b + y
2
τ + 18h
2
2 −
16
3
g23 − 3g22 −
13
15
g21
)
+ 2a1h
∗
1h2 + 2aby
∗
bh2 + 2aτy
∗
τh2 + h2
(
16g23M3 + 6g
2
2M2 +
26
15
g21M1
)
.
Xt(t) ≡ 2 |yt|2 (m2Hu +m2Q˜ +m2u˜) + 2 |at|
2 (B.4)
Xb(t) ≡ 2 |yb|2 (m2Hd +m2Q˜ +m2d˜) + 2 |ad|
2
Xτ (t) ≡ 2 |yτ |2 (m2Hd +m2L˜ +m2e˜) + 2 |aτ |
2
X1(t) ≡ 2 |h1|2 (m2Hu +m2Ψ˜ +m2Φ˜) + 2 |a1|
2
X2(t) ≡ 2 |h2|2 (m2Hd +m2˜¯Ψ +m
2
˜¯Φ
) + 2 |a2|2
S(t) ≡ m2Hu −m2Hd +m2Q˜ +m2d˜ +m2e˜ −m2L˜ − 2m2u˜
+m2
Φ˜
−m2˜¯Φ +m
2
Φ˜
+m2˜¯Φ
− 2m2
Ψ˜
+ 2m2˜¯Ψ
+m2χ˜ −m2˜¯χ
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16pi2
dm2
Q˜
dt
= Xt +Xb − 32
3
g23M
2
3 − 6g22M22 −
2
15
g21M
2
1 +
1
5
S (B.5)
16pi2
dm2u˜
dt
= 2Xt − 32
3
g23M
2
3 −
32
15
g21M
2
1 −
4
5
S
16pi2
dm2
d˜
dt
= 2Xb − 32
3
g23M
2
3 −
8
15
g21M
2
1 +
2
5
S
16pi2
dm2
L˜
dt
= Xτ − 6g22M22 −
6
5
g21M
2
1 −
3
5
S
16pi2
dm2e˜
dt
= 2Xτ − 24
5
g21M
2
1 +
6
5
S
16pi2
dm2Hu
dt
= 3Xt +X1 − 6g22M22 −
6
5
g21M
2
1 +
3
5
S
16pi2
dm2Hd
dt
= 3Xb +X2 − 6g22M22 −
6
5
g21M
2
1 −
3
5
S
16pi2
dm2
Φ˜
dt
= X1 − 32
3
g23M
2
3 − 6g22M22 −
2
15
g21M
2
1 +
1
5
S
16pi2
dm2
Ψ˜
dt
= 2X1 − 32
3
g23M
2
3 −
32
15
g21M
2
1 −
4
5
S
16pi2
dm2˜¯Φ
dt
= X2 − 32
3
g23M
2
3 − 6g22M22 −
2
15
g21M
2
1 −
1
5
S
16pi2
dm2˜¯Ψ
dt
= 2X2 − 32
3
g23M
2
3 −
32
15
g21M
2
1 +
4
5
S
16pi2
dm2χ˜
dt
= −24
15
g21M
2
1 +
1
5
S
16pi2
dm2˜¯χ
dt
= −24
15
g21M
2
1 −
1
5
S
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